This paper describes a multiwavelengh optical study of chromospheres in two X-ray/EUV selected active binary stars with strong Hα emission, V789 Mon (2RE J0725-002) and GZ Leo (2RE J1101+223). The goal of the study is to determine radial velocities and fundamental stellar parameters in chromospherically active binary systems in order to include them in the activity-rotation and activity-age relations. We carried out high resolution echelle spectroscopic observations and applied spectral subtraction technique in order to measure emission excesses due to chromosphere. The detailed study of activity indicators allowed us to characterize the presence of different chromospheric features in these systems and enabled to include them in a larger activity-rotation survey. We computed radial velocities of the systems using cross correlation with the radial velocity standards. The double-line spectral binarity was confirmed and the orbital solutions improved for both systems. In addition, other stellar parameters such as: spectral types, projected rotational velocities (v sin i), and the equivalent width of the lithium Li i λ6707.8Å absorption line were determined.
Introduction
Why each particular star reaches a certain level of activity, and why seemingly similar stars may have drastically different chromospheres? It is believed that differential rotation and convection are the key factors responsible for the magnetic activity in the star. A significant fraction of stellar population, especially at later evolutionary stages, is found in close binaries, where tidal forces and mass transfer become additional factors controlling ro- tation and atmospheric properties of companions.
In order to understand the physical origin of activity, the time-scale of variability, and to be able to extrapolate to other systems, we initiated a multiwavelengh optical survey of a large sample of binaries with various levels of activity. We carried out the study of the chromosphere of active binary systems using the information provided by several optical and near infrared spectroscopic features that are formed at different heights in the chromosphere (see Montes et al. 1997 Montes et al. , 1998 Montes et al. , 2000 Gálvez et al. 2002 Gálvez et al. , 2007 , and applied it to several known and newly discovered binaries, most of which are BY Dra or RS CVn type with various levels of activity.
The ultimate goal of the project is to establish a reliable activity-rotation relation in binary stars. To achieve high accuracy one needs to investigate all possible causes of activity for each particular system and for each component in the system. It is essential to take into consideration dispersion and signal-to-noise of the spectral data obtained with different instrumental set-ups. Furthermore, the study of binaries as compared to single stars is complicated by the interaction between companions, line blending (SB2 case), reflected light, etc. Active stars, which are recognized by the presence of emission lines in one or both components, present the most challenging case and need to be studied on the individual basis. To obtain an accurate orbital solution and to study the behavior of activity, one needs to separate radial velocities, equivalent widths (EW hereafter) of emission lines, and fluxes between two components. It is also vital to carry out a precise stellar classification due to the importance of the subgiant and giant presence in the activity-rotation relation (e.g. in RS CVn case).
Here we concentrate on two recently discovered, X-ray/EUV selected, chromospherically active double-line spectroscopic binaries included in this survey: V789 Mon (2RE J0725-002, BD-00 1712) and GZ Leo (2RE J1101+223, HD 95559, BD+23 2297, HIP 53923).
V789 Mon, V = 9.33, was classified by Jeffries et al. (1995) as a double-line spectroscopic binary (SB2) with almost identical K5V components. They gave a rotational velocity, v sin i, of 25 km s −1 and an orbital period of 1.40 days. The photometric period (1.412 days) reported by Cutispoto et al. (1999) and Robb & Gladders (1996) indicates synchronous rotation. Jeffries et al. (1995) suggest that this system could be eclipsing, but Robb & Gladders (1996) did not find any evidence of eclipses in their photometric observations. Cutispoto et al. (1999) derived a K3V + M0:V classification for this system from colors and spectral signatures. Regarding activity, Jeffries et al. (1995) detected the Hα line in emission above the continuum level for both components.
GZ Leo is a SB2 binary with V = 8.8 mag. Jeffries et al. (1995) obtained a first orbital solution with a period of 1.528 days using eleven radial velocity measurements. Later, Fekel & Henry (2000) reported an improved orbital solution using nine new radial velocity determinations and one additional value given by Strassmeier et al. (2000) . The system consists of two similar rapidly rotating stars (v sin i ≈ 30 km s −1 ). The spectral type of the components is not well established. Jeffries et al. (1995) classified it as G5 while Popper (1996) as K2, based on the strength of the Na i
The latter is closer to the K1V type determined by Fekel & Henry (2000) from the temperature and luminosity-sensitive line ratios in the 6430-6465Å region. Popper (1996) reported photometric variability, but could not confirm whether it is due to eclipses. Strassmeier et al. (2000) determined a period of 2.944 days from their photometric observations, but noted that a period of 1.514 days was also possible. Finally, Fekel & Henry (2000) and Pandey et al. (2002 Pandey et al. ( , 2005 confirmed that the photometric period (1.526 days) is nearly identical to its orbital period. This binary system shows the typical signatures of chromospheric activity. A filled-in Hα absorption line in both components was reported by Jeffries et al. (1995) , while Ca ii H & K emissions were detected in the spectra by Strassmeier et al. (2000) . In addition, GZ Leo is a young system as indicated by its large lithium abundance (Strassmeier et al. 2000; Fekel & Henry 2000) .
A preliminary analysis of these two systems can be found in Gálvez et al. (2003) and Gálvez (2005) .
In § 2 we summarize our observations. In § 3 we derive stellar parameters and the orbit elements of the systems. The behavior of the different chromospheric activity indicators is described in § 4. Finally § 5 gives a summary.
Observations
In this paper we analyzed high resolution echelle spectra of both systems that we obtained during two observing runs detailed in Table 1 . The spectra were extracted using the standard reduction procedures in the IRAF 1 echelle package (bias subtraction, flat-field division and optimal extraction of the spectra). We obtained the wavelength calibration by taking spectra of a Th-Ar lamp. Finally, we normalized the spectra by a polynomial fit to the observed continuum.
We obtained nine spectra of V789 Mon in one observing run and fifteen spectra of GZ Leo in two. The signal to noise ratio (S/N ) achieved in the Hα line region in all the spectra is ≈ 60 for V789 Mon and ≈ 100 for GZ Leo.
Stellar parameters of the binary systems
We list the adopted stellar parameters of both systems in Table 2 . Spectral type and the photometric data (B −V , V , P phot ) are taken from SIM-BAD and Cutispoto et al. (1999) for V789 Mon and from SIMBAD and Fekel & Henry (2000) for GZ Leo. The astrometric data (parallax, π; proper motions, µ α cos δ and µ δ ) are from Hipparcos (ESA 1997) and T ycho − 2 (Høg et al. 2000) catalogues. For V789 Mon no parallax value is available, so we give the spectroscopic parallax determined here (see § 3.4). Finally, the orbital period (P orb ) and the projected rotational velocities (v sin i) have been determined in this paper as well (see below).
Spectral types
In order to obtain the spectral type of these binary systems we compared our high resolution echelle spectra with spectra of inactive reference stars of different spectral types and luminosity classes observed during the same observing run. To avoid contamination by chromospheric emission, we only used spectral orders that are free of lines sensitive to chromospheric activity. This analysis makes use of the program starmod developed at Penn State University (Barden 1985) and modified by us. starmod allows to rotationally broaden spectra and shift them in the velocity space. We ran it on the spectra of the reference stars and combined with the appropriate weights to create composite spectra that were used as template for comparison with our targets.
For V789 Mon we obtained the best fit between observed and synthetic spectra using a K5V reference star (HR 1614) for both components, contributing respectively 60% and 40% of the total flux in the continuum. The fits were carried out in all the phases where the spectra of the components could be separated. Our spectral classification is in agreement with a K5V type reported by Jeffries et al. (1995) , while the relative contribution of the companions is compatible with Cutispoto et al. (1999) result that assigned a later spectral type for the secondary component.
In the case of GZ Leo, we obtained the best fit between observed and synthetic spectra using a K0V reference star (HR 166) for both components, with the equal contribution from each component. Similarly to V789 Mon, the fits were performed in all the phases where the components could be separated, and several spectral types and luminosity class reference stars were used. Our spectral classification is very close to the K2V type reported by Popper (1996) and the K1V type by Fekel & Henry (2000) . Jeffries et al. (1995) Fekel & Henry (2000) noted that the actual v sin i may slightly smaller, because spots cause the lines to be shallower than in an unspotted star, making FWHM appear larger. Strassmeier et al. (2000) report similar values of 31 and 26 km s −1 respectively.
Rotational velocity
Using starmod we obtained for each observing run v sin i values about 30 km s −1 for both components of V789 Mon and GZ Leo. In order to determine a more accurate rotational velocities we applied a cross-correlation technique to our high resolution echelle spectra of these stars using IRAF task fxcor. The method is described in detail in our previous papers (see Gálvez et al. 2002; López-Santiago et al. 2003) . In short, the method is based on the fact that when a stellar spectrum with rotationally broadened lines is cross-correlated against a narrow-line spectrum, the width of the cross-correlation function (CCF) will depend on the amount of rotational broadening of the former spectrum.
For V789 Mon, we used as a template a slowly rotating K5V star HR 1614. We obtained a v sin i of 28.28±1.59 and 25.09±2.06 km s −1 for the primary and the secondary component respectively.
In the case of GZ Leo, we used a K0V star HR 166 and a K2V star HD 166620 as templates, in McDonald and FOCES observing runs respectively. We obtained averaged values of 26.23±1.13 and 26.92±1.14 km s −1 for each component (see Table 2 ).
Radial velocities and orbital solution
Heliocentric radial velocities were also obtained by using the cross-correlation technique (see e.g. Gálvez et al. 2007 ). The spectra of the target were cross-correlated order by order, using the routine fxcor in IRAF, against spectra of radial velocity standards with similar spectral type taken from Beavers et al. (1979) . We derived the radial velocity for each order from the position of peak of the cross-correlation function (CCF) and calculated the uncertainties based on the fitted peak height and the antisymmetric noise as described by Tonry & Davis (1979) .
Since both systems are SB2, we could see two peaks in the CCF associated with two components; we fitted each peak separately. When the component peaks were too close, we used deblending technique.
In the Tables 3 and 4 we list, for each spectrum, the heliocentric radial velocities (V hel ) and their associated errors (σ V ). The latter are obtained as weighted means of the individual values deduced for each order in V789 Mon and GZ Leo spectra. We note that the uncertainties returned by fxcor for SB2 binaries are overestimated; when fitting each component, the presence of the other component will increase the antisymmetric noise, thereby biasing the error.
To compute the orbital solution for these systems we combined our radial velocity data (for both components) with the data of Jeffries et al. (1995 ), Fekel & Henry (2000 and Strassmeier et al. (2000) , see Tables 3 and 4 . The radial velocity data are plotted in Fig. 1 for V789 Mon and GZ Leo on left and right side respectively. Solid symbols represent the primary and open symbols represent the secondary. The curves represent a minimum χ 2 fit orbit solution. The orbit fitting code uses the Numerical Recipes (Press et al. 1986 ) implementation of the LevenbergMarquardt method of fitting a non-linear function to the data and weights each datum according to its associated uncertainty (see e.g. Gálvez et al. 2002 Gálvez et al. , 2007 for further details).
We found a nearly circular (e = 0.0129) for V789 Mon system, with an orbital period of 1.4021 days which confirms it as a synchronous system (P phot ≈ 1.412 days, Cutispoto et al. 1999) . The mass ratio (q = 1.0542) indicates that both components are very similar. The obtained parameters are in agreement with Jeffries et al. (1995) . See Table 5 for details.
We arrived at a similar conclusions for GZ Leo: a nearly circular orbit (e = 0.0073) with an orbital period of 1.5260 days, which is very similar to the photometric rotational period (P phot ≈ 1.5264 days, Fekel & Henry 2000) , indicating a synchronized rotation. The obtained minimum masses (M sin 3 i) and the mass ratio (q = 1.0139) are in agreement with Fekel & Henry (2000) . See Table 6 for computed parameters.
Physical Parameters
Adopting spectral types derived in § 3.1 for the primary components and adopting masses and temperatures from Landolt-Börnstein tables (Schmidt-Kaler 1982), we derived masses and spectral types for the secondaries.
We also estimated minimum radii (R sin i), luminosities and minimum masses (M sin i) of the components using photometric periods (from the literature, see § 3.) and rotational velocities (from § 3.2). The results, given in Table 7 , confirm our previous classification.
Furthermore, since Hipparcos parallax of V789 Mon is not known, we calculated a spectroscopic parallax. Using bolometric magnitude of a K5V star (+6.7 m ), the bolometric correction (BC = −0.72 m ) corresponding to a K5V, and the luminosity ratio, we obtain the bolometric and the visual total absolute magnitudes for the system. Comparing the total visual absolute magnitude (6.76 m ), with the measured V magnitude (9.33 m ), we derive a distance of 32.72 ±0.13 pc (π = 30.56 ±0.22 mas) for V789 Mon. Due to possible activity-induced variations in the V, we expect a 10% additional error in this distance measure. Since the system is relatively close, the interstellar reddening is neglected.
Using the total luminosity based on the measured distance (54.26 pc) for GZ Leo, we obtained the total magnitude for the system V = 8.77. The difference between the observed V magnitude (8.92) and the calculated one can be explained by the presence of photospheric cool spots over the stellar surfaces of both components.
Kinematics
We computed the galactic space-velocity components (U , V , W ) of these systems using as radial velocity the center of mass velocity (γ) and accurate proper motions and parallax taken from Hipparcos (ESA 1997) and T ycho − 2 (Høg et al. 2000) catalogues (see Table 2 ), except for spectroscopic parallax of V789 Mon that has been calculated here.
The obtained values and associated errors are given in Table 8 . The velocity components lie in the (U , V ) diagram obviously inside the young disk population boundaries (Eggen 1984 (Eggen , 1989 Montes et al. 2001a Montes et al. , 2001b indicating that both systems are young disk stars. In addition, the Eggen kinematic criteria predict that GZ Leo may be a member of Hyades supercluster (see Montes et al. 2001a and Gálvez 2005) .
The Li i λ6707.8 line
The resonance doublet of Li i at λ6707.8Å is a spectroscopic feature very important in the diagnostic of age in late-type stars, since it is destroyed easily by thermonuclear reactions in the stellar interior.
The spectral region of this line is included in all our spectra for both systems.
At the spectral resolution of our spectra and with the rotational velocity, we have determined for the components of both binaries, the Li i line is blended with the nearby Fe i λ6707.41Å line. In the case of V789 Mon the Li i line is very weak and we could not measure the EW with the required precision. For GZ Leo, we clearly see the Li i+Fe i absorption feature in all the spectra (see Fig. 2 left side), but due to the blending with other photospheric lines of both components, we have only measured the EW in the spectrum of the third night of the FOCES02 observing run (see Fig. 2 right) which is very close to conjunction (ϕ = 0.02). The obtained value EW (Li i + Fe i) = 60.7 mÅ contain the contribution from both components, but taken into account that they have the same spectral type and contribution to the continuum we can assume that this is also the EW (Li i+Fe i) of each component. We have corrected this total EW by subtracting the EW (Fe i) = 19.8 mÅ calculated from the empirical relationship with (B-V ) given by Favata et al. (1993) resulting EW (Li i) = 40.9 mÅ. One additional estimation of the EW (Li i) in this spectrum can be obtained by using the spectral subtraction technique. In the subtracted spectrum the contribution from the photospheric lines is eliminated, therefore the EW = 51.2 mÅ measured in this spectrum is the total EW (Li i) and, as both components are equal, also the EW (Li i) of each one. The difference in the EW obtained from both methods is likely due to the influence of the stellar metallicity in the calibration used in the first one to obtain the EW (Fe i) and in the standard star used as reference in the subtraction technique that are not taken into account here. The EW (Li i) of each component we have determined (40.9 mÅ with the first method and 51.2 mÅ with the second one) is smaller than the 63 mÅ estimated by Fekel & Henry (2000) and the 60 mÅ given by Strassmeier et al. (2000) . The small differences between these values can be attributed to the different method used by these authors to estimate the Fe i contribution and the error in the EW determination.
This small EW (Li i) is in agreement with the values observed in Hyades cluster stars of this spectral type (see Montes et al. 2001b ) and with the membership to the Hyades supercluster (see § 3.5). That situated the system age in about 600 Myr.
Chromospheric activity indicators
The echelle spectra analyzed in this work allowed us to study the behavior of the different chromospheric activity indicators, from the Ca ii H & K to the Ca ii IRT lines, which are formed at different atmospheric heights. The chromospheric contribution in these features were determined by using the spectral subtraction technique described in detail by Montes et al. (1995 Montes et al. ( , 1997 Montes et al. ( , 1998 Montes et al. ( , 2000 and Gálvez et al. (2002 Gálvez et al. ( , 2007 .
The excess emission in EW is measured in the subtracted spectra, after correcting for the relative contribution of each component in the total continuum. This contribution is determined by using the radii and temperatures adopted in § 3. For instance, in the Hα line region the relative contributions were S P = 0.61 for the primary component and S S = 0.39 for the secondary component in V789 Mon and for GZ Leo we had the 0.50 con-tributions for both components.
In Table 9 we give the corrected EW for the Hα and Ca ii IRT lines for V789 Mon. In Table 10 we list corrected EW for the Ca ii H & K, Hǫ, Hδ, Hγ, Hβ, Hα, and Ca ii IRT (λ8498, λ8542, λ8662Å) lines for GZ Leo in FOCES run and for Hα and Ca ii IRT in McDonald run. The corrected EW s is given separately for each component (P/S), unless the lines of both components overlap, in which case the combined EW is given. The final estimated errors in EW are in the range 10-20% (see e.g. Gálvez et al. 2007 for details).
Finally, corrected EW s were converted to the absolute surface fluxes by using the empirical stellar flux scales calibrated by Hall (1996) as a function of the star color index. In our case, we used the B −V index and the corresponding coefficients Fig. 6 we plot a representative subtracted spectra in Hβ, Hγ and Hδ region for GZ Leo.
The Hα line
In V789 Mon Hα is observed in emission above the continuum in all the observed spectra (see Fig. 3 , left panel of the left side). After applying the spectral subtraction technique, one can see that Hα emission from the primary and secondary components looks very much alike.
In all the spectra, except one which is very close to conjunction, we measured the emission coming from both components by using a two-Gaussian fit to the subtracted spectra (see Fig. 3 , right panel of the left side). The combined EW is given when it was not possible to deblend the two components.
The persistence of Hα emission in V789 Mon spectra indicates that it is a very active binary system similar to some RS CVn and BY Dra systems, which always show Hα emission above the continuum. The EW measured in the subtracted spectra by Gaussian fitting gives an average value of EW (Hα) = 0.65/0.62Å for primary and secondary components (which is higher than reported by Jeffries et al. (1995) , EW (Hα) = 0.09/0.25Å).
In GZ Leo, we analyzed 15 spectra including the Hα line region. In the first run (McDonald98), the Hα line appears completely filled by emission in both components (see Fig. 3 , left panel of the right side). As in the case of V789 Mon, the emission from both components is nearly identical and was measured by applying a two-Gaussian fit to the subtracted spectra (see Fig. 3 , right panel of the right side). The spectrum at phase 0.46 is close to conjunction, so the measured EW given in Table 10 is the combined EW . The mean values of EW are EW P (Hα) = 0.32Å and EW S (Hα) = 0.36Å. We note however that a variation with phase is observed in both components, with a remarkable tendency to behave in the opposite way for Ca ii IRT EW s; unfortunately the phase coverage is not enough for a reliable conclusion (Table 10) .
When we analyze the FOCES02 run, we see again that the Hα line is completely filled-in by emission for both components. After fitting the subtracted spectra we measured the excess emission EW P (Hα) = 0.46Å and EW S (Hα) = 0.47 A, i.e., a 35% increase compared to McDonald98 run.
In GZ Leo system the secondary star usually shows slightly larger values of Hα EW and no variation with phase was detected (see Table 10 ).
The Hβ, Hγ and Hδ lines
The other three Balmer lines (Hβ, Hγ and Hδ) were included only in some of our spectra for GZ Leo during the FOCES02. The absorption lines were clearly filled-in with emission in the observed spectra. After applying the spectral subtraction, we could extract the excess emission from both components (see representative spectra in Fig. 6 ). When the S/N was high enough we deblended the emission coming from both components by applying a two-Gaussian fit to the subtracted spectra (see Table 10 ). These three lines show similar variations with orbital phase to the Hα line in both components, their mean values are EW (Hβ) = 0.13/0.13Å, EW (Hγ) = 0.09/0.09Å and EW (Hδ) = 0.07/0.09Å.
We also measured the ratio of excess emission EW in the Hα and Hβ lines, EW (Hα)/EW (Hβ), and the ratio of excess emission E Hα /E Hβ with the correction:
from Hall & Ramsey (1992) . It takes into account the absolute flux density in these lines and the color difference in the components (B − R=1.45 for a K0V star). We obtained a mean values of E Hα /E Hβ ≈ 3.4 for the primary and ≈ 3.6 for secondary. These values indicate, according to Buzasi (1989) and Hall & Ramsey (1992) the presence of prominence-like material at the stellar surface in both components of the system.
Ca ii H & K and Hǫ
The Ca ii H & K line region was included only in the spectra of the FOCES run for GZ Leo. In these spectra we observed strong emission in the Ca ii H & K lines and a clear emission in the Hǫ line arising from both components (see Fig. 4 ).
In our spectra, the Ca ii H & K lines are located at the end of the echellogram, where the efficiency of the spectrograph and the CCD decrease very rapidly, and therefore the S/N ratio obtained is very low, and the normalization of the spectra are very difficult. In spite of this we could apply the spectral subtraction in this region, see Fig. 4 . As we can see in this figure, the Hǫ line arising from one of the component overlaps at some orbital phases with the Ca ii H line from the other component, so their EW were measured with a Gaussian fit when it was possible (see comments for each spectrum in the footnotes of Table 10 ).
The mean measured EW s in these spectra are EW = 1.13/0.84Å for each component in the Ca ii K line and EW = 0.82/0.65Å for each component in the Ca ii H line. An increase of the Ca ii H & K emissions is observed with the orbital phase.
The presence of an excess emission from Hǫ line (EW = 0.30/0.43Å) indicates that it is a very active system.
Ca ii IRT lines (λ8498, λ8542, and
λ8662)
The three lines of the Ca ii infrared triplet (IRT) were included in all our echelle spectra for both systems. In all of them we could observe a clear emission above the continuum in the core of the Ca ii IRT absorption lines (see Figs. 5) from both components.
In V789 Mon, (Fig. 5 left side) , we measured an average EW of ≈ 0.4Å for the three lines, and we found small variations with the orbital phase that were anti-correlated with the Balmer lines EW variations in both primary and secondary components.
For GZ Leo binary, (Fig. 5 right side) , we found that in FOCES run there were no significant variations with the orbital phase, but in McDonald's one an evident orbital variation were observed which shows an anti-correlation with the EW (Hα) variation. We measured mean EW s of ≈ 0.25/0.31Å for each component in McDonald run and ≈ 0.36Å for both components in FOCES run.
In addition, we calculated the ratio of excess emission EW , E 8542 /E 8498 , which is also an indicator of the type of chromospheric structure that produces the observed emission. In solar plages, values of E 8542 /E 8498 ≈ 1.5-3 are measured, while in solar prominences the values are ≈ 9, the limit of an optically thin emitting plasma (Chester 1991) .
In V789 Mon, small values of the E 8542 /E 8498 ratio were found, ≈ 1.5 for the primary component and 1.4 for the secondary (see Table 9 ). This indicates that the Ca ii IRT emission of this star arises from plage-like regions.
In GZ Leo we found a E 8542 /E 8498 value of ≈ 2.4 and ≈ 1.4 for primary and secondary in McDonald run, but ≈ 0.9 for primary and secondary in FOCES run. These values indicate that Ca ii IRT emission come from plage-like regions, in contrast to the Balmer lines which seem to come from prominences.
This markedly different behavior of the Ca ii IRT and the Hα emission has also been found in other chromospherically active binaries (see Arévalo & Lázaro 1999; Montes et al. 2000; Gálvez et al. 2003; Gálvez 2005 and references therein). The different behavior from one epoch to another is consistent with the different activity level measured in each observing run. The lack of variation with orbital phase of the GZ Leo emission lines in FOCES run could be due to that the hight level of activity is reflecting a large number of active regions maybe distributed along all surface. Such, could produce an even spotted-plaged surface that would avoid to see the modulation clearly.
Summary
In this paper we present a detailed spectroscopic analysis of two X-ray/EUV selected chromospherically active binary systems V789 Mon (2RE J0725-002) and GZ Leo (2RE J1101+223). We analyzed high resolution echelle spectra that include the optical chromospheric activity indicators from the Ca ii H & K to Ca ii IRT lines, as well as the Li i λ6707.8 line and other photospheric lines of interest.
Using a large number of radial velocities we improved the orbital parameters of these systems. We obtained that both systems have nearly circular orbits and have an orbital period very close to photometric period, indicating that they have a synchronous rotation.
The spectral classification derived using the comparison with spectra of reference stars, two K5V components for V789 Mon and two K0V components for GZ Leo is in good agreement with the classification obtained from physical parameters (R sin i). As both components are main sequence stars, we can classify these chromospherically active binaries as BY Dra systems (Fekel et al. 1986) .
By using the information provided by the width of the CCF we determined a projected rotational velocity, v sin i, of 28.28 and 25.09 km s −1 for the primary and secondary components of V789 Mon, and 26.23 and 26.98 km s −1 for the components of GZ Leo.
The presence of the Li i line in both systems is in agreement with the kinematics results, i.e., they belong to the young disk population. Also, with a EW (Li i) ≈ 40 mÅ for each component, GZ Leo could be a member of the Hyades supercluster.
We analyzed, using the spectral subtraction technique, all the optical chromospheric activity indicators. In V789 Mon, both components show high levels of chromospheric activity. The emission in the Hα line is above the continuum and it is very similar in the two components, showing no variations with phase. GZ Leo shows a high level of chromospheric activity too. After applying spectral subtraction the chromospheric excess emission from both components are certainly detected in all the activity indicators during the observing runs. The Ca ii H & K lines are in emission and Hǫ is also detected in emission for both systems.
The level of chromospheric emission change, i.e., we have observed a 35% increment in the EW of Hα emission line and a nearly 30% increment in the EW of Ca ii IRT emission lines from one epoch to another.
Furthermore, the variation of Hα and Ca ii IRT emission with phase is anti-correlated and the ratios E Hα /E Hβ and E 8542 /E 8498 indicate that the emission of the Balmer lines would arise from prominence-like material, and that the emission of Ca ii IRT lines arise from plage-like regions.
We would like to thank Dr. L.W. Ramsey (Pennsylvania State University) for collaborating in the McDonald observing run (2.1 m telescope, Texas, USA) and the staff of McDonald observatory for their allocation of observing time and their assistance with our observations. Thanks to Dr. Nadya Gorlova and Dr. Joern Rossa for their great help on the English redaction and corrections. This work was supported the Spanish "Programa Nacional de Astronomía y Astrofísica" under grants AYA2005-02750 and AYA2008-00695, and the "Comunidad de Madrid" under PRICIT project S-0505/ESP-0237 (ASTROCAM). (2000), circles from our McDonald98 observing run and stars from our FOCES02 observing run). The solid curves represent a minimum χ 2 fit orbit solution as described in the text. Clear excess emission from the primary (P) and secondary (S) components is detected. ϕ Orbital phase (see Table 1 ) a Data for the primary and secondary components not deblended. b Mean value of measured (from two apertures in our spectra) or value from higher S/N aperture c Data not measured due to very low S/N . d Data not measured due to blending. e Ca ii H line of one component blended with Hǫ of the other component. Table 10 .
